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Introduction
The nursery is the place where the cocoa beans are germinated as soon as they are harvested and where the young plants are raised for at least five months with a view to planting them out in the field. It is a very important place upon which the success or failure of plantation to a large extent depends. Farmers in Nigeria could not afford artificial nurseries shade for their cocoa because of the prohibitive cost of these materials and none readily available at farmer disposal. Research on the use of shade for Cocoa started in West Indices. Cocoa can be established under thinned forest or under temporary life shade (Opeke, 1982) . Shade had been reported to protect Cocoa plant from harmful effects of direct insolation and minimize the risk of leaf and branch scorch by establishing a more equitable eco-climate through the reduction of high intensity, temperature and air movement. According to Opeke (1982) provision of good shade enhances survival of cocoa seedlings during the dry season. The need for traditional shade in the present day of Tea, Coffee and most especially in Cocoa is frequently questioned. In Tea garden of North Indian, shading is still considered essential while in other areas such as in the Tea and Coffee plantations of East Africa; its use is rapidly diminishing. However, the usual way of providing the shade required for cocoa nursery by cocoa farmers in Nigeria is building annually a framework of wooden or bamboo pole (3 m high) which will support shading at a height of 2.5 m from the ground, letting through approximately 50 percent of light intensity. Palm frond is usually used in creating this shade. In several countries, shading of the nursery is achieved using various permanent plants such as Hevea, the oil palm or Gliricida [1] . Plantains have been found to provide 50 percent light intensity required for coffee at the early stage of field establishment [2] . Plantain is a fast growing crop with good shade which always serves as source of food and also brings economic returns to farmers when the bunches and suckers are sold. Cocoa farmers in Nigeria used plantain as nursery shade for the establishment of their cocoa on the field. The objective of this study therefore is to evaluate plantain as shade crop for permanent cocoa nursery.
Materials and Methods

Description of the Site Used for the Experiment
The experiment was conducted in the central nursery of Cocoa Research Institute of Nigeria, Ibadan during the 2004/2005 cropping season. Ibadan is located between latitude 07˚10'N and longitude 03˚52'E. It lies at an altitude of about 122 metres above the sea level with the total annual rainfall of about 1100 mm to 1250 mm, distributed over a period of between nine to ten months in a bimodal rainfall pattern. Early rain occurs between March to July and late rain occurs between August to October with five months of dry season and a short dry spell in August. The temperature of Ibadan is fairly high throughout the year with maximum temperature usually ranges between 26˚C to 35˚C with an average of about 30.1˚C while the minimum temperature ranges between 15˚C to 24˚C with an average of 19.5˚C. Ibadan has a moderately high to very high relative humidity throughout the months of the year with an average of 79.06%, the soil temperature is fairly high with an average temperature of 28.8˚C.
Land Preparation, Field Layout and Treatments Imposition
The land was manually cleared, tree felled, trash and tree logs packed. Holing and planting of plantain suckers which were obtained from the C.R.I.N nursery was done was done immediately after field layout was completed six months before seedlings were transferred and arranged under the plantains of different spacing and shade regimes. The treatments comprised six shade regimes provided by plantains planted at1.0, 1.5, 2.0, 2.5 and 3.1 m apart, arranged in a Randomized complete block design (RCBD) in three replications. The control treatment involves no shading. There were twenty (20) polythene bags representing each of the treatment given a total number of one hundred and twenty (120) polythene bags altogether filled with top soil collected from the experimental site. Two (2) cocoa beans each was sown per polythene bag and later thinned to one (1) vigorous seedling per bag and later transferred to the field. Data collected were plant height, girth, leaf number and leaf area for cocoa seedlings and plantain as well as plantain bunch yield. The light intensity was monitored per treatment using a light meter.
Laboratory Analysis
Prior to the sowing of the cocoa beans, surface soil samples (0 -20 cm) were taken from the experimental site for physical and chemical analysis. The samples were air dried, sieved through a 2 mm sieve and analyzed for physical and chemical properties. Prior to the sowing of the cocoa beans, surface soil samples (0 -20 cm) were taken from the experimental site for physical and chemical analysis. The samples were air dried, sieved through a 2 mm sieve and analyzed for physical and chemical properties. Total N of the soil was determined by MicroKjeldah method and the available P was by Bray 1 method [3] . The cations were extracted by 1NH 4 OAC at pH 7 and the K, Ca and Mg contents were read using atomic absorption spectrometer (AAS). The OC was determined by wet dichromate oxidation method [4] . Particle size distribution was determined by the hydrometer method [5] using sodium hexameter-phosphate as the dispensing agent. Soil pH was determined potentio-meterically in distilled water at soil to water ratio 1:1.
Statistical Analysis
The results obtained were subjected to statistical analysis of variance and LSD was used to separate the means.
Results
The result of soil analysis of the experimental site revealed that the soil from the field is moderately acidic with the pH value of 6.10 ( Table 1) . This generally falls within 6.0 -6.5 reported to be normal for tree crops in Nigeria [6] and [7] . Based on the data, the soil pH is adequate for optimal microbial activities in the soils and ease of nutrient release for crop usage.
The available P content of 11.10 mg•kg −1 soil was found to be adequate and higher than the critical values calculated for tree crops [8] . The soil potassium (K) content is found to be moderately available. The moderately available K value of the field must have been as a result of continuous deposit through leaf litter falls over time. Similarly, the soil calcium Ca content of 4.98 cmol•kg 1 was fairly moderate in the soil although slightly lower than the critical value of 5.0 cmol•kg −1 soil which is considered ideal for cocoa production. The soil organic carbon content and total nitrogen (N) were also found to be slightly moderate when compared with the soil critical values of 30.0 and 0.9 g/kg soil. Soil Mg contents of the site was 5.31 cmol•kg −1 soil ( Table 1) . This value is grossly lower than the critical values of 8.0 g cmol•kg −1 soil. Magnesium based fertilizer is therefore needed for the soils to supply enough Mg to the planted cocoa seedling. The results of the physical properties analysis indicated that the soil is generally sandy-loam in texture ( Table 1) . The Silt + Clay values of 350.0 g/kg was higher than 320 g/kg which is ideal for sufficient water holding capacity for sustainable cocoa growth without irrigation need [8] . Results obtained on plant height are presented in Table 2 . Plant height of cocoa seedlings were significantly (p > 0.05) influenced by shade regimes. The highest cocoa seedling height (cm) was recorded under plantain planted at 1 m × 1 m apart; this was followed by cocoa under shade regime provided by plantain planted at 1.5 m apart. Cocoa seedlings planted under no shade (control) recorded the least plant height.
The differences were significant. Cocoa seedlings under shade regime provided by plantain planted at 3 m apart were not different significantly compare to the control at one month after transplanting. At 2nd, 3rd, 4th and 5th months after sowing, the plant height of cocoa seedlings under shade regime provided by plantain at 1.0, 1.5 and 2.0 m apart gave a significantly higher plant height relative to control. The differences in plant height of cocoa seedlings under shade regimes provided by 2.5 m, 3.0 m and control (no shade) respectively were not significantly different from each other throughout the period under consideration. Table 3 presents data on stem diameter of cocoa seedlings as influenced by different shade regimes provided by plantain at 3.0 m × 3.0 m apart. Cocoa seedlings planted under wider spacing (3 m × 3 m) produced highest and significant (p > 0.05) mean stem diameter values relative to control and other shade regimes provided by plantain planted at closer spacing of 1.0m and 1.5 m apart respectively produced the least mean values of stem diameter. The differences in stem diameters of cocoa seedlings under shade regimes provided by plantain at 1.0 and 1.5 m apart respectively were not significantly (p > 0.05) different at first and second months after planting. Similarly, the differences recorded by shade regimes provided by plantain at 2.0, 2.5, 3.0 and control (no shading) were not significant although, there appears to be a slight increases across the various treatments at 2 months after planting. At 3, 4 and 5 months after planting, the results obtained were similar to the previous months. Shade regime provided by plantain at 3.0 m apart recorded highest mean values of stem diameter while shade regimes provided by plantain at closer (1.0 m) spacing recorded the least mean values. While the differences between 1.0 m and 2.0 m are comparable, the rest are significantly higher relative to control. Table 4 presents data on leaf area (cm 2 ) as influenced by shade regime. Similar trend was observed for leaf area of cocoa seedlings throughout the period of the experiment. Cocoa seedlings planted under shade regime provided by plantain planted at a wider spacing of 3m apart produced broader leaves and recorded the highest leaf area ()cm 2 values, while the lowest value was recorded under closely spaced plantain of 1.0 m apart. Leaf area under wider spacing (3 m × 3 m apart) significantly (p > 0.05) and consistently improved leaf area of cocoa seedlings relative to control and other treatments considered. Table 5 showed the mean growth parameter of plantain at different planting distances. Plantain planted at a spacing of 1 m × 1 m apart gave the highest plant height (cm) and mean number of leaves per plant respectively; this was followed by those planted at 1.5 m apart. Plantain spaced at 3.0 × 3.0 m apart recorded the least plant height. The mean number of leaves recorded by plantain spaced at 1m apart was significantly higher than the rest. Conversely, stem diameter of plantain planted a wider spacing of 3.0 m × 3.0 m apart produced thicker and wider stem diameter compared to other planting distances. Plantain spaced at a distance of 1.5 m and 2.0 m apart are not significantly (p > 0.05) different from each other. Also, the mean diameter produced by plantain at 2.0 m × 2.5 m apart respectively are not significantly different (p > 0.05) from each other.
The number of plantain fingers, fresh weight of plantain bunches and selling price is presented in Table 6 . The results indicated that plantains spaced at 3.0 m apart produced more number of harvested plantain bunches compared to other treatments. In terms of total fresh weight of harvested bunches (kg), the plantains at 3.0 m × 3.0 m apart gave the highest mean weight and total number of plantain fingers. This was followed by those planted at 2.5 m and 2.0 m apart. The highest selling price was obtained from plantain at 3.0 m apart which was followed by those planted at a spacing of 2.5 m apart. Generally, the higher values in growth parameters (plant height, numbers of leaves, stem diameter, leaf area etc.) recorded for cocoa seedlings and yield data for plantain under spacing at 3 m × 3 m and 2.5 m × 2.5 m apart might have been due to shading effect received from plantain that moderated the amount of insolation and temperature in the nursery to the advantage of the crop for optimum the photosynthetic activities. This agreed with the findings of [6] and [9] who reported such beneficial effects from cocoa nursery when light intensity is 50 percent. Studies have also confirmed that planting of plantain at a distant of 3 m × 3 m cast the required shade for good cocoa growth and provide a light intensity of about 50% which proved to be the best.
Discussion
Shade cast provided by plantain significantly enhanced the growth parameters of Cocoa (plant height, leaf area, number of leaves and stem girth) seedlings. This observation is in agreement with the findings of [10] who observed that plant raised under 50% shade produced taller with more leaves and higher dry matter yield than the unshaded clones. The better performance and/or the behavior of the Cocoa seedlings under the plantain planted at 3 m × 3 m which was found to cast about 50% shade on the crop might be due to high assimilation rate of the cocoa seedlings under this condition, this is also in agreement with the earlier work of [11] who reported that the rate of assimilation of Arabica coffee was found to be greater under condition of moderate light intensity than in full sunshine and that the total daily assimilation rate is greater under the shade than in the sun. The overall water requirement of the crop and consequently diminishes the likelihood of water stress he concluded.
Conclusion
Considering the good growth performance recorded for cocoa seedlings planted at 3 m and 2.5 m apart as well as the economic returns from the said plantain, it is therefore recommended that plantain be planted at a planting distance of either 2.5 m or 3.0 m apart. The choice of plantain as a permanent shade crop under cocoa plantation by Cocoa farmers will go a long way in helping the poor and low-income peasant farmers in meeting some of their day to day running expenses in the first two to three years of their investment as Cocoa farmers.
